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Abstract: Background: RUNX3 is a tumor suppressor involved in many cancers. RUNX3 regulation is complex; it can
both repress and activate p21"WAF/CP1 The cyclin-dependent kinase inhibitor p21*2 is a key regulator of progression
from the G1 to the S-phase of cell cycle. Previous studies on the prognostic value of RUNX3 and p21*™ in breast
carcinoma revealed conflicting results. To date, no immunohistochemical studies have been performed to assess
the possible association between them in breast carcinoma. The aim of this study is to evaluate the immunohis-
tochemical expression of RUNX3 and p21*#™ and investigate its association with clinicopathological prognostic
parameters and to assess the possible relationship between them. Methods: A retrospective immunohistochemical
study was conducted on 78 invasive ductal breast carcinoma cases using RUNX3 and p21"é™, Statistical analysis
was performed. Results and Conclusion: The current study reports for the first time the relationship between RUNX3
and p21*# immunohistochemical expression in breast cancer; there was a highly statistically significant relation be-
tween RUNX3 and p21*# expressions (P=0.001), and a moderate significant agreement (kappa =0.467) between
them. The two markers are statistically related to established prognostic clinicopathologic parameters suggesting a
role in prognosis; RUNX3 showed high statistically significant relations with grade and lymph nodal status (P=0.001
for each), and statistically significant relations with tumor size and molecular subtypes (P=0.02, and P=0.04 re-
spectively). p21*e™ showed highly statistically significant relations with grade, lymph nodal status, ER expression,
PR expression, and molecular subtypes (P=0.001 for each), and a statistically significant relation with tumor size
(P=0.045). The two markers also represent potential therapeutic targets for patients with breast cancer.
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Introduction

Breast cancer is the most common malignancy
that affects women, with a prevalence of 23%
of all cancers in women worldwide. It is the sec-
ond most common cause of death in women
after lung cancer [1, 2]. In Egypt, carcinoma of
the breast is the most prevalent cancer among
Egyptian women and constitutes 17.5% of all
malignant tumors presented to National Cancer
Institute, Cairo University, in the years 2003-
2004 [3]. A variety of clinical and pathological
factors are routinely used to categorize patients
with breast cancer in order to assess prognosis
and determine the appropriate therapy. These
include patient age, axillary lymph node status,
tumor size and grade, hormone receptor sta-
tus, and Her2 status. Although these risk cate-

gories are useful for assessing prognosis and
risk in groups of patients with breast cancer,
their role in determining prognosis and evaluat-
ing risk in an individual patient is more limited.
Therefore, better methods are required to help
assess prognosis and determine the most
appropriate treatment for patients on an indi-
vidual basis. Various molecular techniques
have been increasingly used to help refine
breast cancer classification and to assess prog-
nosis and response to therapy [4].

The Runt family of three transcription factors
(RUNX1, 2 and 3) is known to play essential
roles in haematopoiesis, osteogenesis and
neurogenesis [5]. Besides being key develop-
mental regulators, RUNX genes are also impor-
tant in cancer, acting both as oncogenes or
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tumor suppressors in different systems [6].
Among the three RUNX family members, RUNX3
was first suggested to be a tumor suppressor
due to causal relationship between the loss of
RUNX3 and the progression of gastric cancer
[7]. Since the discovery of the potential role of
RUNX3 in the initiation and progression of gas-
tric cancer, RUNX3 has been found to be
involved in the development of various cancers,
including colorectal cancer, liver cancer, lung
cancer, and breast cancer [8, 9].

A striking observation that highlights the com-
plexity of RUNX3 regulation and provides us
with another potential insight into its behavior
in cancer is that RUNX3 can both repress and
activate p21WAFY/CIPL 2 AWAFL/CIPL was first identi-
fied as a low-molecular-weight protein in cyclin-
dependent kinase (CDK) and cyclin immuno-
complexes involved in connecting various
cellular pathways to cell cycle control.
Historically, p21%Af/C”1 has been accepted as a
CDK inhibitor that ultimately leads to E2F tran-
scription factor sequestration and the arrest of
cellular proliferation at the G1 restriction point.
Nevertheless, p21WAF/CIPL expression has been
shown to be positively associated with survival
in gastric, anal, prostate, and breast cancers
[10, 11].

To the best of my knowledge, no immunohisto-
chemical studies have been performed to as-
sess the possible association between RUNX3
and p21WAF/CPL in preast carcinoma. This study
is designed to correlate RUNX3 and p21WAFL/CiP
with clinicopathological prognostic parameters
in breast carcinoma and assess the relation-
ship between these two proteins.

Materials and methods
Tissue and patient data

The current study was conducted on 78 cases
of invasive ductal breast carcinoma which is
the most common subtype of breast carcino-
mas. Cases were obtained from the Archives of
the Pathology Lab. of Ain-Shams University
Specialized Hospital. Such cases were diag-
nosed during the period from January 2012 to
January 2014. They were obtained by modified
radical mastectomy. The surgical and histo-
pathological reports were reviewed to deter-
mine age of patients, tumor size (greatest

9238

dimension), estrogen-receptor (ER), progester-
one-receptor (PR) and HER2 status, as well as
lymph nodal involvement. For each patient,
clinical stage at presentation was classified
according to the 2003 American Joint Commi-
ttee on Cancer Staging System [12]. Hema-
toxylin and Eosin stained slides were examined
to re-evaluate and verify the histopathological
diagnosis and grade (according to the modified
Bloom and Richardson method [13]. Only cases
with information for all the covariates were
selected in the analysis.

Ethics statement

All patients who participated in this study
signed a written, informed consent before sur-
gery. The study was approved by the Research
Ethical Committee at Faculty of Medicine, Ain
Shams University.

Immunohistochemical staining

Four micrometer sections of formalin-fixed and
paraffin-embedded samples of 78 breast carci-
noma cases were prepared. Immunohistoch-
emical staining was performed using primary
antibodies; mouse monoclonal anti-RUNX3
antibody (Clone: (R3-5G4) sc-101553; Santa
Cruz Biotechnologies, Santa Cruz, Calif) and
mouse monoclonal anti p21*#™ antibody (Clone:
4D10; Novocastra Laboratories, Newcastle).
Avidin-Biotin immunoperoxidase complex tech-
nique was used according to Hsu et al. [14] by
applying the super sensitive detection kit
(Biogenex, CA, USA). The prepared tissue sec-
tions were fixed on poly-L-lysine coated slides
overnight at 37°C. They were deparaffinized
and rehydrated through graded alcohol series.
Then the sections were heated in a microwave
oven in 10 mM citrate buffer (pH 6.0) for 20
min. After the blocking of endogenous peroxi-
dase and incubation in Protein Block Serum-
Free Solution (Dako Cytomation) for 20 min, the
sections were incubated overnight at 4°C with
primary antibodies. Biotinylated anti- mouse
immunoglobulin and streptavidin conjugated to
horseradish peroxidase were then added.
Finally, 3,3’-diaminobenzidine as the substrate
or chromogen was used to form an insoluble
brown product. Finally, the sections were coun-
terstained with hematoxylin and mounted.
Sections of human stomach tissue and colorec-
tal carcinoma were used as positive control for
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Table 1. Clinicopathological characteristics of patients

with breast carcinoma (n=78)

N %
Age <50 years 23 29.5%
>50 years 55 70.5%
Grade | 14 17.9%
Il 32 41.0%
1] 32 41.0%
Lymph node status Negative 42 53.8%
Positive 36 46.2%
Size <20 mm 45 57.7%
21-50 mm 30 38.5%
>50 mm 3 3.8%
ER Negative 36 46.2%
Positive 42 53.8%
PR Negative 36 46.2%
Positive 42 53.8%
HER2 Negative 60 76.9%
Positive 18 23.1%
Molecular type Triple negative 23 29.5%
Her2 + only 13 16.7%
Lum 37 47.4%
Luminal Her2 5 6.4%
RUNX3 Negative 14 17.9%
Positive 64 82.1%
RUNX3 degree of expression Low 40 62.5%
High 24  37.5%
p2 waft Negative 20 25.6%
Positive 58 74.4%
P21t degree of expression Low 38 65.5%
High 20 34.5%

intensity of staining according to the per-
centage of positive cells in at least five
areas at a magnification of 400x. All tumor
cells with detectable nuclear staining was
considered to be positive. For statistical
analysis, the samples were divided accord-
ing to percent distribution of stained tumor
cell nuclei into low and high expression
groups using the median value as a cutoff
point. The cutoff values were as follows:
Both RUNX3 and p21*2™, low <10 and high
>10 [15-18].

Using immunohistochemistry for ER, PR,
and HER2 as a surrogate for expression
profiling, the studied tumors were classi-
fied according to Cheang et al. [19] as fol-
lows: (a) Triple negative phenotypic cases
[ER-, PR-, and HER2-] referred to as TNP;
(b) HER2+/ER-PR- subtype; (c) Luminal’
(LUM) subtype [ER+ and/or PR+ plus
HER2-]; (d) Luminal/HER2+ (LUM/HER2+)
subtype [ER+ and/or PR+ plus HER2+].
Luminal/HER2+ is not synonymous with
the luminal B expression profile subtype
because only 30% to 50% of luminal B
tumors express HER2. Luminal’ includes
all cases that expression profiling defines
as luminal A, as well as those remaining
luminal B tumors that do not express HER2
[19].

Statistical analysis

Triple negative phenotypic cases [ER-, PR-, and HER2-] referred to
as TNP, HER2+/ER-PR-subtype, Luminal’ (LUM) subtype [ER+ and/
or PR+ plus HER2-], Luminal/HER2+ (LUM/HER2+) subtype [ER+

and/or PR+ plus HER2+].

RUNX3 and p21*a™ respectively. Negative con-
trol sections were incubated with normal mo-
use serum instead of the primary antibody.

Interpretation of immunohistochemical stain-
ing

Immunohistochemical analysis of RUNX3 and
p21*s" was blindly performed by the author
without any prior knowledge of the clinicopath-
ological data. For both markers, all tumor cells
with detectable nuclear staining were consid-
ered to be positive. RUNX3 protein expression
as well as p21*™ protein expression was ass-
essed by semi- quantitative scoring of the
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Continuous variables are expressed as

mean and Standard Deviation. Categorical

variables are expressed as frequencies

and percent. Student T Test was used to

assess the statistical significance of the
difference between two study group means.
Chi-Square and fisher exact were used to exam-
ine the relationship between two qualitative
variables. Kappa statistics was used to com-
pute the measure of agreement between
RUNX3 and p21*2™; Kappa’s values <0 indicat-
ed no agreement while 0-0.20 indicated slight
agreement, 0.21-0.40: fair, 0.41-0.60: moder-
ate, 0.61-0.80: strong and 0.81-1 revealed
almost perfect agreement. P<0.05 was consid-
ered the cut-off value of significance. All statis-
tical procedures were carried out using SPSS
version 15 for Windows (SPSS Inc, Chicago, IL,
USA).

Int J Clin Exp Pathol 2016;9(9):9237-9248
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Figure 1. RUNX3 and p21* expressions in normal breast tissue. A: RUNX3 showing nuclear staining in the epi-
thelial cells of normal breast (IHC x200). B: p21*# showing no detectable staining in the epithelial cells of normal
breast (IHC x200).

Figure 2. Positive RUNX3 and p21"¢™ expressions in breast carcinoma. A: RUNX3 showing low degree of nuclear
expression in a case of invasive duct carcinoma (IHC x200). B: p21*2* showing low nuclear expression in the same
case (IHC x200). C: RUNX3 showing high nuclear expression in another case of invasive duct carcinoma (IHC x200).
D: p21*2™ showing high nuclear expression in the same case as C (IHC x200).

Results Table 1. All patients are females, and their
Clinical and pathological data for the studied mean age is 53.01 years (Standard deviation,
breast carcinoma cases are represented in +5.17; range, 40-64 years).

9240 Int J Clin Exp Pathol 2016;9(9):9237-9248
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Figure 3. Negative RUNX3 and p21*e™ expressions in breast carcinoma. A: RUNX3 showing negative expression in
a case of invasive duct carcinoma (IHCx100). B: p21*# showing negative expression in the same case (IHCx100).

Table 2. Relationship between RUNX3 expression and clinicopathological parameters of the studied
breast carcinomas (n=78)

RUNX3 expression

Negative Low High P Value Sig
N % N % N %

Age <50 years 4 17.4% 14 60.9% 5 21.7% 0.483* NS
>50 years 10 18.2% 26 47.3% 19 34.5%

Grade 1 3 21.4% 0 .0% 11 78.6% 0.001** HS
2 8 25% 14 43.8% 10 31.2%
3 3 9.4% 26 81.2% 3 9.4%

Lymph nodal status  Negative 8 19.1% 14 33.3% 20 47.6% 0.001* HS
Positive 6 16.7% 26 72.2% 4 11.1%

Size <20 mm 6 13.3% 19 42.2% 20 44.4% 0.02** S
21-50 mm 7 23.3% 19 63.3% 4 13.3%
>50 mm 1 33.3% 2 5.0% 0 .0%

ER Negative 7 19.4% 22 61.2% 7 19.4% 0.127* NS
Positive 7 16.7% 18 42% 17 40.5%

PR Negative 7 19.4% 22 61.2% 7 19.4% 0.127* NS
Positive 7 16,7% 18 42% 17 40.5%

HER2 Negative 9 15% 35 58.3% 16 26.7% 0.074* NS
Positive 5 27,8% 5 27.8% 8 44.4%

*Chi-Square Test, **Fisher exact test, NS = Non Significant, HS = Highly Significant, S = Significant.

Expression of RUNX3 and its relationship with
clinicopathological parameter

In normal breast tissue adjacent to the tumor,
RUNX3 expression nuclear staining was detect-
ed in the epithelial cells of normal acini (Figure
1A). On the other hand, 64 (82.1%) out of the
78 invasive ductal breast carcinomas exhibited
nuclear RUNX3 expression. Among the positive
cases, 40 cases (62.5%) showed low expres-
sion (Figure 2A), while 24 cases (37.5%) showed
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high RUNX3 expression (Figure 2C). The remain-
ing 14 cases (17.9%) showed negative nuclear
expression (Figure 3A).

There was a highly statistical significance
between RUNX3 expression and both grade
and lymph nodal status (P=0.001 for each).
Moreover, there was a statistically significant
relation with tumor size (P=0.02). However, no
statistically significant relationship was found
between RUNX3 expression and any of the hor-

Int J Clin Exp Pathol 2016;9(9):9237-9248
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Table 3. Relationship between p21*@™ expression and clinicopathological parameters of the studied
breast carcinomas (n=78)

p21+af expression

Negative Low High P Value Sig
N % N % N %
Age <50 years 7 30.4% 10 43.5% 6 26.1% 0.787* NS
> 50 years 13 23.6% 28 50.9% 14 25.5%
Grade 1 9 64.3% 1 7.1% 4 28.6% 0.001** HS
2 10 31.2% 11 34.4% 11 34.4%
3 1 3.1% 26 81.3% 5 15.6%
Lymph nodal status Negative 10 23.8% 14 33.3% 18 42.9% 0.001* HS
Positive 10 27.8% 24 66.6% 2 5.6%
Size <20 mm 13 28.8% 16 35.6% 16 35.6% 0.045%** S
21-50 mm 6 20% 20 66.7% 4 13.3%
>50 mm 1 33.3% 2 66.7% 0 .0%
ER Negative 2 5.6% 24 66.7% 10 27.7% 0.001* HS
Positive 18 42.9% 14 33.3% 10 23.8%
PR Negative 2 5.6% 24 66.7% 10 27.7% 0.001* HS
Positive 18 42.9% 14 33.3% 10 23.8%
HER2 Negative 18 30% 30 50% 12 20% 0.08** NS
Positive 2 11.2% 8 44.4% 8 44.4%
*Chi-Square Test, **Fisher exact test, NS = Non Significant, HS = Highly Significant, S = Significant.
Table 4. Relationship between RUNX3 expression and breast cancer molecular subtypes (n=78)
RUNX3 expression )
- - P Value Sig
Negative Low High
N % N % N %
Molecular type Triple negative 4 17.4% 17 73.9% 2 8.7% 0.04%** S
Her2+ only 3 23% 5 38.5% 5 38.5%
Total Luminal* 7 16.6% 18 42.9% 17 40.5%

*Total Luminal = Luminal’ (LUM) subtype + Luminal/HER2+ (LUM/HER2+) subtype, * *Fisher exact test, S = Significant.

monal receptors (ER, PR, and Her2 expression).
The relationship between clinicopathological
parameters and RUNX3 expression is shown in
Table 2.

Expression of p21*@™ and its relationship with
clinicopathological parameters

In normal breast tissue adjacent to the tumor,
p21%e"  expression showed no detectable
expression in non-diseased and hyperplastic
ductal epithelia (Figure 1B), while 58 (74.4%)
out of the 78 invasive ductal carcinomas sho-
wed positive nuclear p21*2™ expression. Among
the positive cases, 38 (65.5%) showed low
p21*2™ expression (Figure 2B) and 20 (34.5%)
showed high expression (Figure 2D). The rem-
aining 20 cases (25.6%) show negative p21+*af
expression (Figure 3B).
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There was a highly statistically significant rela-
tionship between p21*f™ expression and tumor
grade (P=0.001), and lymph nodal status (P=
0.001), and ER expression (P=0.001) as well as
PR expression (P=0.001). In addition, there
was also a significant relationship between
p21*a expression and tumor size (P=0.045),
but there was no statistical correlation between
p21*2f expression and HER2 expression. The
relationship between clinicopathological para-
meters and p21*#™ expression is shown in
Table 3.

Relationship between RUNX3 and p21*aft
expression and breast cancer molecular sub-
types

There was a statistically significant relationship
between RUNX3 expression and breast cancer
molecular subtypes (P=0.04) (Table 4).

Int J Clin Exp Pathol 2016;9(9):9237-9248
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Table 5. Relationship between p21*#™ expression and breast cancer molecular subtypes (n=78)

p21+af expression

Negative Low High P Value Sig
N % N % N %
Molecular type Triple negative 2 8.7% 17 73.9% 4 17.4% 0.001 HS
Her2+ only 0 .0% 7 53.8% 6 46.2%
Total Luminal* 18 42.9% 14 33.3% 10 23.8%

*Total Luminal = Luminal’ (LUM) subtype + Luminal/HER2+ (LUM/HER2+) subtype, HS = Highly Significant.

Table 6. Agreement between immunohistochemical expression of RUNX3 and p21*# in breast carci-
noma cases (n=78)

RUNX3 expression

Negative Low High Kappa Sig
N % N %
p21+*af expression Negative 9 64.3% 4 10.0% 7 29.2%  0.467 0.001 (HS)
Low 0 .0% 32 80.0% 6 25.0%
High 5 35.7% 4 10.0% 11 45.8%

HS = Highly Significant.

There was a highly significant statistical rela-
tion between p21%™ expression and breast
cancer cancer molecular subtypes (P=0.001)
(Table 5).

Agreement between RUNX3 and p21+™ ex-
pression in invasive ductal breast carcinoma

Comparing RUNX3 and p21*#™ expression in
each case, 32 cases showed concomitant low
degree of positivity for both RUNX3 and p21+f
(Figure 2A, 2B), and 11 cases showed concom-
itant high degree positivity for both markers
(Figure 2C, 2D), while 9 cases showed concom-
itant negative expression for both markers
(Figure 3). There was a highly statistically sig-
nificant relation between RUNX3 and p21+af
expressions (P=0.001), and a moderate signifi-
cant agreement (kappa =0.467) (Table 6).

Discussion

Breast cancer is the most frequently diagnosed
cancer and the leading cause of death in
females worldwide. It accounted for 23% of the
total new cases and 14% of the total cancer
deaths in 2008 [2]. Invasive duct carcinoma,
the most common type of breast cancer, is a
heterogeneous group of tumors that fail to
show sufficient characteristics for classification
as a specific histological subtype [21].

Despite improvement in early diagnostic meth-
ods and advances in treatment, mortality
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because of breast cancer remains high; there
are insufficient information and data about the
factors that influence the disease progression
and mortality. New prognostic factors such as
RUNX3 are becoming valuable tools for the pre-
diction of prognosis and as a potential thera-
peutic target in women with breast cancer [17].

Several studies have suggested that RUNX3 is
a tumor suppressor when its inactivation was
seen in numerous types of cancers, such as
breast cancer, colorectal cancer, glioma, and
melanoma [9]. Like in other cancers, RUNX3 is
inactivated in breast cancer by reduced copy
number, promoter hypermethylation, hemizy-
gous deletion, and protein mislocalization [8,
21-24]. Consistent with its tumor suppressor
activity, reintroduction of RUNX3 into breast
cancer cells suppresses their tumorigenic
potentials [25-28].

In the current study, the normal breast tissue
adjacent to invasive ductal carcinoma showed
positive RUNX3 nuclear staining in the epitheli-
al cells lining normal acini. This was in concor-
dance with previous studies [8, 22, 24, 27].
Moreover, 82.1% of invasive ductal breast car-
cinoma in the present study showed positive
RUNX3 expression; among which 62.5%
showed low expression, while only 37.5%
showed high expression. Previous immunohis-
tochemical studies on RUNX3 expression in
breast cancer were conflicting; while Jiang et al.

Int J Clin Exp Pathol 2016;9(9):9237-9248
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[24] demonstrated nuclear positivity in 35.2%
of their invasive breast carcinoma cases;
Subramaniam et al. [8] had only 9% of their
cases expressing positive nuclear staining. On
the other hand, 68% of Bai et al. [17] cases
expressed RUNX3 nuclear positivity.

Only few studies were conducted to assess
immunohistochemical expression of RUNX3 in
breast carcinoma and heterogeneity in the
results within these studies might be attributed
to several factors including difference in the
commercial company supplying the primary
antibody, as well as difference in clonality of
the antibody. Moreover, there was a difference
in the immunohistochemical scoring in differ-
ent studies with different cutoff values, where
some considered the low expression as nega-
tive [8, 22]. Also, it should be noted that each
study included different histological types of
breast carcinoma. In addition to invasive ductal
breast carcinoma, Jiang et al. [24] included
invasive lobular carcinoma, and Bai et al. [17],
included invasive lobular and other subtypes as
well.

In the present work, a high statistically signifi-
cant correlation was found between RUNX3
expression and lymph nodal status (P=0.001),
also a statistically significant relation was pres-
ent with tumor size (P=0.02); such that high
RUNX3 expression occurred in cases with neg-
ative lymph nodal affection and small tumor
size <20 mm. This was in agreement with Jiang
et al. [24] who found a significant inverse cor-
relation between RUNX3 expression and lymph
nodal status and stage.

Moreover, the current research showed an
inverse high statistically significant relationship
between RUNX3 expression and the tumor
grade; where most of the cases of grade Il tu-
mors showed only low RUNX3 expression, wh-
ereas high RUNX3 expression occurred more in
grade | and Il tumors. This was in going with Bai
et al. [17] who found out that RUNX3 staining
was dramatically decreased in histology grade
Il compared with histology grade | and Il. This
was in favor with the tumor suppressing func-
tion of RUNX3 in breast cancer as described by
Chen [9].

In the current work, there was no statistically
significant relationship between RUNX3 expres-
sion and either age or hormonal receptors (ER,
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PR, and Her2 receptor) expression. This is in
going with Bai et al. [17].

This study showed a statistically significant
relationship between RUNX3 expression and
the molecular subtypes of breast carcinoma
cases in this research (P=0.04). However,
among the triple negative cases in the present
work, there was 82.6% RUNX3 positivity. This is
in concordance with previous studies that con-
firmed the increased RUNX3 expression in tri-
ple negative tumors [25, 29]. Lau et al. [27]
stated that RUNX3 can suppress the tumori-
genic potential of estrogen receptor o (ERx)
negative breast cancer cells without affecting
the proliferation of cells. While the exact mech-
anism remains unidentified, the anti-tumor
activity of RUNX3 in ERa-negative cells might
result from RUNX3-mediated cell apoptosis
[30, 31] or RUNX3 might target other cellular
signaling pathways to exert this anti-tumor
activity in these ERa negative cells [9].

Several studies support the tumor suppressor
function of RUNXS3, through various mecha-
nisms. Hypermethylation of the Runx3 promot-
er and cytoplasmic relocalization account for
the majority of RUNX3 inactivation in breast
cancer [22-24, 27]. It is important to note that
these events are reversible and that RUNX3
could be re-activated to restore its tumor sup-
pressing effect [32, 33]. In fact, several studies
stated that reintroduction of RUNX3 into RUNX3
deficient breast cancer cells suppressed can-
cer cell proliferation and their tumorigenic
potential [26, 27]. Chen concluded that restor-
ing RUNX3 activation by specific small mole-
cules or inhibitors to block these two events
might constitute a novel therapeutic strategy
for the treatment of breast cancer [9].

This promising potential therapeutic role of
RUNX3 necessitates a better understanding of
the exact role of RUNX3 in breast cancer carci-
nogenesis which remains largely elusive, to-
gether with the fact that RUNX3 integrates with
various signaling pathways, which play impor-
tant roles in breast cancer carcinogenesis, as
well as the RUNX3 ability to regulate breast
cancer cell proliferation, and cell apoptosis as
confirmed by several studies [9, 11, 29].

The regulation of RUNX3 shows that the inter-
play of RUNX3 with p300 and cyclin D1 is the
basis of an early defense against tumor forma-

Int J Clin Exp Pathol 2016;9(9):9237-9248
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tion. p300 acetylates RUNX3 in response to
growth factors, leading to the interaction of
RUNX3 with bromodomain-containing protein 2
(BRD2; a member of the BET family of tran-
scription co-regulators) and subsequent tran-
sient induction of cyclin dependent kinase
inhibitor 1A (CDKN1A) and ARF transcription.
CDKN1A encodes the cell cycle inhibitor p21*a™
(also known as CIP1), whereas ARF inhibits
MDM2 and thus increases the stability of the
tumor suppressor p53. During the cell cycle
progression, deacetylation of RUNX3 results in
the replacement of the RUNX3-BRD2 complex
with a RUNX3-cyclin D1complex and the cessa-
tion of ARF transcription. However, persistent
mitogenic signals from oncogenic KRAS-G12D
result in the continued presence of the RUNX3-
BRD2 complex and prolonged expression of
p21*e" ARF and p53. RUNX3 might therefore
function as a sensor of inappropriate prolifera-
tion signals, and its inactivation might induce
uncontrolled cell cycle progression and ulti-
mately, cancer [11, 34, 35].

One of the main problems with immunohisto-
chemical studies is that we never know wheth-
er RUNX3 overexpression really reflects a
genetic abnormality and/or loss of function. A
way to investigate the functional status of
RUNX3 is therefore to investigate some of its
downstream effectors such as p21*2™. Another
important issue is the fact that several antican-
cer agents function through their ability to pro-
mote induction of p21*™, But, the complex net-
work regulating p21*e™ activity and biological
functions, warrants caution with regard its
application for cancer therapy. The various
effects of p21*®™ on gene regulation and its
role in genomic stability, apoptosis, senes-
cence and DNA repair may not only contribute
to cancer development but also profoundly
affect the efficacy of DNA damaging agents or
other anticancer drugs that induce p21*3™. The
challenge lies in selectively inhibiting only the
oncogenic activities of p21*e™ and not its tumor
suppressor functions. Therefore, the develop-
ment of agents that interfere with the ability of
p21*2f to assemble CDK4-cyclin D and CDK6-
cyclin D complexes but retain its ability to sup-
press CDK2 or CDK1 may be an attractive line
of investigation [36-38].

The current work showed a highly statistically
significant relationship as well as a moderately
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significant agreement between RUNX3 and
p21*2f expressions. These results go well with
the hypothesis that p21*™ might not be a
tumor suppressor itself, but instead it syner-
gizes with tumor suppressors [36, 39-41].

In the present research, the normal breast tis-
sue adjacent to invasive ductal carcinoma
showed no detectable p21*#™ expression in
non-diseased and hyperplastic ductal epithelia
as stated by Gohring et al. [42]. Moreover,
74.4% of invasive ductal breast carcinoma in
the present study showed positive p21+aft
expression; among which 62.5% showed low
expression, while only 34.5% showed high
expression. This was somewhat near to what
Pellikainen et al. [16] demonstrated, where
positive p21+%ef expression was seen in 71% of
their breast cancer cases; among which 38%
showed high expression and 62% showed low
expression, and also Jiang et al. [43], whose
breast carcinoma cases were 39.1% high
expression of p21*™ and 68.1% low p21vaf
expression. Previous immunohistochemical
studies on p21%a™ expression in breast cancer
were conflicting. While Caffo et al. [44] and
Barbareschi et al. [45] demonstrated 82% and
90% p21*a™ positivity, respectively, Gohring et
al. [42] only demonstrates 32.2% positivity in
his invasive breast carcinoma cases.

In this study, there was a highly statistically sig-
nificant relationship between tumor grade and
p21*a™ expression (P=0.001); such that 53.4%
of grade 3 cases showed positive p21+f
expression, of which 68.4% showed only low
p21*2f expression. In this context, previous
studies showed contradictory results; some
authors associated high p21* expression
with poor differentiation [16, 44, 46], whereas
others have found it to be associated with
increased differentiation [47, 48]. This may be
due to different patient samples, antibodies,
analyzing methods and cut off values used in
these p21*2™ studies, which make comparisons
of findings difficult. Moreover, as stated by
Abbas and Dutta [36], the simple view that
p21*a™ acted as a tumor suppressor had been
complicated by the finding that p21*#™ could
exhibit oncogenic activities.

The current study finds a highly statistically sig-
nificant relation between p21*3™ and lymph
nodal status (P=0.001). In addition, there was
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a statistically significant relation with tumor
size (P=0.045); where higher p21*s" expres-
sion correlated with smaller sizes. This was in
concordance with Caffo et al. [44].

The present work shows a highly statistically
significant relationship between p21*2™ expres-
sion and estrogen receptor as well as proges-
terone receptor expression (P=0.001 for each),
this is in agreement with Pellikainen et al. [16],
who found a statistically significant relationship
between p21*™ expression and hormone
receptor status in breast cancer. There was
also a high statistically significant relationship
between the molecular subtypes of the breast
carcinoma cases in the current study and
p21*f expression (P=0.001). Among the TNP
cases, there was 91.3% positive p21*e™ nucle-
ar expression.

However, in this present work, there was no sta-
tistically significant relationship between
p21*¢™ and Her2 expression, unlike Winters et
al. [49] who found a weak inverse association
between nuclear p21*e™ and Her2 expression,
Moreover, Winters et al. breast carcinoma
cases demonstrated cytoplasmic expression of
p21*¢™ which showed a stronger direct statisti-
cal relationship with Her2. They suggested that
p21*a™ could localize in the cytoplasm in can-
cer tissues and cell lines, where it inhibited
apoptosis by binding and inhibiting the apopto-
sis signal-regulating kinase 1, and that such an
anti-apoptotic function in breast cancers could
underlie the association between cytoplasmic
p21*¢™ and poor prognosis. On the other hand,
breast carcinoma cases in the current study,
like many previous studies [42, 44, 45], showed
no cytoplasmic expression of p21+af,

In conclusion, the current study reports for the
first time the relationship between RUNX3 and
p21*2™  immunohistochemical expression in
breast cancer. The two markers are statistically
related to established prognostic clinicopatho-
logic parameters suggesting a role in progno-
sis. They also represent potential therapeutic
targets for patients with breast cancer.

A limitation of this study is that cases were
derived from a regional population base that
lacks breast cancer outcomes including
response to different modalities of therapy and
disease-free survival. Therefore, further larger
studies are still needed to explore the direct
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relation of RUNX3 and p21* expression to
breast cancer patients’ survival and their prog-
nostic value within different treatment modality
subsets.
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